Three average, healthy Cryptomeria trees were felled in fall 1990 from a 40-year-old plantation located in central Taiwan. The plantation was esta blished with l-year-old cuttings at a 2 x 2 m spacing. A 5 cm thick circular-shaped disk specimen was removed from each sample tree at breast height , then a 2 em wide wood strip cut along the south-north aspect of eac h disk specimen. The wood strip was separated further into individual grow th increments in odd-numbered growth rings numbered I (near pith) to 33 (near bark) and forty latewood tracheids per growth ring were measured. Their mean lengths were used as items in an analysis of variance on eac h of eight sets of data. An analysis of variance was conducted on each of 8 sets of tracheid data generated by varying the numbe r of growth rings from 13 to 5 in the working sample. The age of tran sition from j uvenile to mature wood was set at a point where the variance component due to the effect of ring position reached zero percent. We determined the location of the transactio n from ju venile wood to mature wood to be at the 23rd growth ring based on latewood tracheid length .
Determination of the cambial age when juvenile wood formation ceases and mature wood formation begins is a prerequisite for evaluating the effects of tree improvement work or silvicultural treatments on wood quality. In other words, forest managers as well as wood-using industries would benefit from knowing the demarcation age between the two wood zones. We explored a new method of determining the demarcation age during our routine work on the assessment of radial variation patterns of tracheid length in Japanese cedar (Cryptomeriajaponica D. Don) .
MATERIAL AND METHODS
Our study plantation is located in the Chi-tou District of the Experiment Forest, National Taiwan University, central Taiwan . The district presents ideal growth conditions for Japanese cedar. At about 1200 m above sea level, the area registers 90% in relative humidity, 2892 mm in annual precipitation, and 17°C in mean annual temperature (max . 21°C, min. 2°C).
The plantation was established with I-year-old cuttings in 1950 to evaluate the effect of five different initial spacings (I x I, 2 x 2, 3 x 3, 4 x 4, and 5 x 5 m) on growth. Each category of tree spacing was represented by a 0.1 ha rectangular-shaped plot with three replications in the field layout. Only the I x I m plots were thinned in 1965 because the crown closure occurred earlier than in the other plots. The effect of tree spacings on selected wood properties was reported elsewhere (Wang & Chen 1992) .
From each experimental plot, an average tree with a straight stem and showing no signs of insect or disease problems was randomly selected and felled in the fall of 1990 and a 5 em thick circular-shaped disk specimen was removed at breast height. For this study, a diametrical strip (about 2 em wide) along the north-south cardinal direction was cut from each disk sample. In order to measure tracheid length, we took a matchstick-sized specimen (about 15 to 20 mm long) from each of the odd-numbered growth rings (numbered I, 3, 5, 7 ' " 33 outward from the pith to the bark) in each wood strip.
Tracheid sampling efficiency was tested and compared by studying the matchsticksized wood specimens removed in three different ways: sampling from I) the latewood zone of each growth ring located in the southern half of the wood strip; 2) both earlywood and latewood zones of each growth ring from the south aspect of the wood strip, or 3) both earlywood and latewood zones of each growth ring along both south and north aspects of the wood strip .
A hydrogen peroxide-acetic acid-water mixture (I : 4 : 5 by volume) was used to macerate the matchstick-sized wood specimens at 40°C for 48 hrs. Macerated material was stained with Safranin 0, and tracheid length was measured using a light microscope equipped with a photographic device . Forty tracheids were randomly measured and their mean lengths used as items in the statistical analysis. The present report covers only the study material sampled from the 2 x 2 m spacing plots (mean dbh ::: 26.6 em, mean height::: 22.8 m) because this is a popular initial spacing used in the establishment of commercial plantation in Taiwan.
An analysis of variance was conducted and estimated variance components were calculated for each of 8 sets of tracheid data created by varying the number of growth rings fro m 13 (ring numb ers 9 thro ugh 33 ana lyzed ) to 5 (ring numbers 25 throu gh 33 analyze d) for inclu sion in the working sam ple (Table 3 ). All analyses were carried out acco rding to the rando mized complete block design and result s were co mpared with those of Shiokura ( 1982) .
RESULTS AND DISCUSSION
Radial variation pattern s (pith to bark) in trache id lengt h and ring width (both in mm ) are presented in Table I and Figure 1 . An initial period of rapid increase in tracheid length occ urs du ring the first 10 growth increme nts (from the pith outwa rd), followed by a so-ca lled transitional perio d characterized by a rather gradual increase in tracheid length. Th e transition al period covers rough ly 4 to 6 growth rings. The seco nd stage in the tracheid curve is then follo wed by another per iod or stage where tracheid length shows little increase. Thi s three-stage variation pattern in tracheid length (Fig. I ) generally follows the pattern reported elsewhere (Thomas 1984 ; Th om as & Kelli son 1987; Clark & Saucier 1991) .
In order to ex plore the relatio nship between tracheid length and grow th increment positions (pith to bark), we used a natural logarithmic ( Ln) formula (Shiokura 1982) :
where T represent s tracheid length in mm, N is the ring position ( I through 33), and a and b are trache id length of the first growth ring and the slope of the regression , respectively. Th e trach eid length-ring position correlations (with 15 degrees offreedom ) were statistica lly significant (r = 0.973, a = 1.390, b = 0.668) at the I percent level. Less than 6% (= 1 -r 2 or 1 -0.973 2 ) of the total variation in tracheid length could not be acco unted for. The increasing rate of tracheid length was calculated according to the following formula:
1(%)=(Tn +I-Tn)/Tn x 100 and it where I (%) is the increasing rate of tracheid length, and Tn + I and Tn are the tracheid length at the (n + l)th and n th ring positions from the pith. At the 20th ring from the pith, the rate of increase in tracheid length dropped to 1%, which is where Shiokura (1982) established the boundary between juvenile and mature wood.
In the present study, we analyzed mean tracheid data in three different ways: 1) latewood tracheids (LW) sampled from each growth ring located in the southern half of the wood strip (Method I); 2) eariywood and latewood zones (EW / LW) of each growth ring sampled from the south aspect of the wood strip (Method 2); and 3) eariywood and latewood zones of each growth ring along both south and north aspects of the wood strip (Method 3). All three different sampling methods were equally effective in testing between-ring position differences in tracheid length . As the sampling schemes moved from Method 1 to Method 2, implying a more intensive sampling , the measurement effort for tracheid length doubled; likewise , from Method 2 to Method 3, the measurement effort doubled again . However, improvement in statistical precision (measured as the size of experiment error) was negligible (Table 2 ). There- fore, we decided that wood property assessment based on the latewood of each growth ring sampled fro m one cardinal direction (south aspect) of the wood strip was adequate to generate the necessary information for this study. To come to such a decision, we ran an analysis of variance on each set of tracheid data (Table 2) where the degrees of freedom were 16, 2 and 32 for the effect of ring position on tracheid length , blocks, and error term , respectively. The simplest way to visualize the radial variation pattern is to plot tracheid data against individual ring position (pith through bark ). The relatively flat portion of the curve (i.e ., the third stage in the curve) is generally regarded as the mature wood zone (Fig. 1) . Within the mature wood zone, the F test for between-ring position differences in tracheid length would be non-significant regardless of the number of growth rings sampled for an analysis of variance. In our Cryptomeria study, the non-significant F test occ urred at the 15th growth ring (Table 3) .
Unfortunately, the F values alone do not provide insights into changes in radial variation pattern , and do not detect any impro vement in sampling efficie ncy resulting from additional measurement of growth rings, unless the variance component attributabl e to the ring position is checked and examin ed. Inclu sion of certa in growth rings sampled from the tran sitional stage in the working sample may still result in a non-significant test. This speculation was the case when between-growth ring differences in tracheid length were tested includ ing wood specimens sampled between the 15th and 2 1st growth rings (Table 3) . Within this transition zone, changes in tracheid length are gradual and the demarcation age between ju venile and mature wood is vague and unclear. We suggest that the age of transition from ju venile to mature wood be set at a point where the variance comp onent attributable to the effec t of ring position becomes zero percent. In our Cryptomeria data, this point occurred at the 23rd ring position.
In order to define the age at which juvenile wood merges into mature wood, an analysis of variance proved to be simple, effective and statistically valid as a method. From the practical point of view, the propo sed method results in a negligible difference of 2 to 3 years from the method of Shiokura (1982) in predicting the boundary between the two wood zones. With the aid of modern computing facilities, the new method is time-s aving and decisive. The only manual labor required of the new method is to hand calculate each variance component following the F test.
Several methods have been useful for estimating the dur ation of j uvenile wood formation. They are: I ) visual inspection of graph ically plotted wood properties against the individual growth ring position s (Bendt sen & Senft 1986; Clark & Saucier 1989) , 2) Shiokura's method (1982) , and 3) segmented regression analysis where the intersection point of the two regressions is considered the point of demarcation between ju venile and mature wood (Wolcott et al. 1987; Roos et al. 1990 ). Unfortun ately, none of the three methods would yield consi stent demarcation points that separate the two wood zones. This inconsistency is probably due to the existence of large differences between species (Thomas 1984 ; Loo et al. 1985; Van Buijtenen 1987) and within the same species, due to wide tree-to-tree, within-tree and year-to-year variations in wood properties (Bendtsen & Senft 1986; Wolcott et al. 1987) . Given these facts, research workers have the liberty of adopting any method that suits their study purpose with a full understanding that tree genetics and tree responses to the surrounding environment are different and complicated.
